A non-randomized assessment of long-term biosand filter (BSF) use and sustainability in the Artibonite Valley near Deschapelles, Haiti was conducted during March, 2011. Of the 55 BSFs visited, 47% were no longer in use. Filter lifespan ranged from <1 year to systems still in use after 12 years.
INTRODUCTION
Over 780 million people world-wide lack access to safe drinking water sources (World Health Organization/ United Nations Children's Fund [WHO/UNICEF] ).
Contamination of drinking water through poor sanitation
and hygiene is a major health risk in underdeveloped countries and is responsible for 88% of diarrheal disease in the world (WHO ). In the Republic of Haiti, child mortality rates are 15 times higher than in the United States, largely due to inadequate access to clean water, (Clasen a) . In a review assessing sustainability of POU technologies, Sobsey et al. () concluded that in addition to being one of the most widely distributed POU technologies, the BSF is one of the most reliable for treatment and removal of harmful diarrhea-causing bacteria and turbidity, and was a highly sustainable technology over long-term use. However, some studies suggest that research conducted on POU technologies such as the BSF are biased, lack hard scientific evidence from double blind tests, and that the current trend of world-wide distribution is premature (Hunter ; Schmidt & Cairncross ) . Vanderzwaag () suggested that without a proper implementation strategy, the BSF may not be an appropriate technology and can adversely affect how receptive a population is to future aid. It is estimated that more than 140,000 BSFs are used by half a million people world-wide (Clasen b In addition to field work, 37 studies were chosen from a comprehensive review of BSF studies. These studies were chosen because they contained significant field evaluation allowing us to compare and further substantiate our findings with the broader BSF literature. Studies were found using Google Scholar, Web of Knowledge SM article database, and the 'Summary of Field and Laboratory Testing for the 
RESULTS
Of the 55 households visited, 26 filters were not in use.
Nearly two-thirds (65%) of non-functioning filters were reported as in use for less than seven years ( Figure 2 ). Primary reasons leading to filter disuse are summarized in Table 1 . BSF owners mentioned difficulty using the filters daily due to frequent prolonged travel to larger cities for work or hospital visits (n ¼ 5). This eventually led to sporadic filter usage and abandonment. In two cases, a broken collecting bucket spigot was mentioned as the reason for stopping use. One owner claimed the January 2010 earthquake caused the filter to fall and break, while another owner stopped using the filter because the lid broke. In two of the cases, filters were installed but never used. Filter owners said the filter was provided free of charge, but they were required to buy their own bucket as a way of encouraging ownership of the filters. In a third case, a bucket was supplied as part of a year-long trial period but after it broke, filter use was discontinued. Each of these households said they could not afford a new clean water bucket which costs ∼160 Gourde ($4 USD).
Ant infestations occurred in two homes where owners mentioned using filters only once a week. Filter clogging was mentioned in three homes that used hand dug wells which resulted in reduced flow rates and led to filter neglect or malfunction. BSF owners, on average, claimed to clean their filters 2-3 times per year but answers ranged from never to almost weekly. Several owners mentioned cleaning only occurred when a filter technician came to visit. The cholera outbreak in December 2010 was the reason three households stopped using their filters, stating they were told not to rely on the BSF to protect against cholera.
These users bought treated water instead. Reasons for Figure 2 | Number of non-functioning and functioning filters at the time of study and number of years filters were in use (n ¼ 54). One non-functioning filter was not included as installation date and stopping date were unknown.
stopping use were not given for two filters and chlorination of source water was given once.
An additional concern mentioned on four occasions involved chlorination of water prior to filtration. In one case, the homeowner had stopped using his filter two weeks prior to our visit as a result of smelling chlorine in his water. The source water in this case was a capped spring which was piped to a large reservoir. After the cholera outbreak, a local NGO added a chlorine dispenser to the reservoir without informing the HAS community development center, who originally built the reservoir, or the community members. HAS records showed as many as 20
BSFs could have been affected by reservoir chlorination.
The three remaining cases were in a different community where filter users were adding chlorine tablets prior to filtration.
Many issues, related to sustainability and effective use, were in agreement with previous studies. Factors affecting sustainable and effective BSF use from studies in 14 different countries included improved BSF owner education; poor understanding of the linkage between water quality and sanitation; source water causing filter clogging; water recontamination due to animal or human contact; and inadequate maintenance ( Table 2 ).
DISCUSSION
We recognize that some error is likely associated with the duration of filter use, as it was determined by user reporting, but note that exact installation dates were obtained from implementing organizations for all but one of the non-functioning filters and that this does not interfere with the issues given for filters no longer being used. It is also important to note that while 47% of filters were non-functioning at the time of this study, all but one (broken beyond repair)
could be brought back into use with biofilm re-establishment and/or other minor maintenance. Our sample size was comparable to previously published studies on BSF use (median ¼ 67.5, Table 2 ). Issues identified both in our study and previously published studies can be grouped Several studies have noted that regular follow-up by technicians lasted for the first few years after initial installation, and then the lack of funds and other issues led to discontinued technical support (Fewster et 
Cultural sensitivity and BSF suitability
In order for BSFs to be properly and reliably used they must be placed in settings where BSF use is compatible with source water and cultural practices. Some of the most commonly observed problems leading to filter disuse in Haiti were associated with Haitian culture, lifestyle, and beliefs.
Haitians commonly mentioned the incompatibility, or difficulty of continually using the BSF due to the travel requirements of their lifestyle.
A similar problem leading to the disuse of several filters was noted in the Dominican Republic (Aiken et al. ).
Several BSF owners noted they had stopped using their filter because they regularly spent extended time away from home, and it became a nuisance to maintain the recom- 
Organization collaboration
In order for effective and sustainable water project implementation cultural knowledge, sensitivity, and community and organization collaboration are vital. This will help reduce duplication of efforts and benefit BSF users. 
CONCLUSIONS AND RECOMMENDATIONS
Insights gained through the literature review and field study in Haiti indicate three critical areas that need to be addressed in future BSF implementation projects to increase filter longevity and provide the greatest benefit to users: An unfortunate reality is that NGOs, implementers, and stakeholders often struggle for ways to convince funders that long-term monitoring, evaluation, and technical support are not financial black holes, but these efforts are equally valuable in the effective and sustainable installation of POU treatment devices (Gadgil & Derby ) . It is generally accepted that sustainable public health systems and education require ongoing contact with the people they serve, but this is often an inconsistent feature of water and sanitation projects.
Many of the problems observed in Haiti were not due to neglect or lack of effort from the implementing organizations.
Many of the recommendations made here were implemented but had to be discontinued due to lack of funding. In Haiti, governmental agencies and NGO's have started working together through the DINEPA and WASH cluster programs to address water, sanitation, and hygiene needs. Hopefully these collaborations will continue and expand to include more academic institutions in Haiti and abroad. Additional thanks to Jarod Kohler for help in conducting and filming all of the field research.
